ABSTRACT
INTRODUCTION
Hydroxyapatite [Ca 10 (PO 4 ) 6 (OH) 2 ] has been acknowledged as a bone graft material in a range of medical and dental applications due to their similar chemical composition with natural bones. Generally, bone substitution materials such as autograft, allograft and xenograft are used to solve problems related to bone trauma and fractures. But, none of these materials provide a perfect replacement of the bone due to mechanical and biological instability and incompatibility. Recently, calcium phosphate bio ceramics such as calcium phosphate, tri-calcium phosphate and HAp are identified as most suitable bone substitution materials to serve the demand. Unlike other calcium phosphates, HAp does not break under physiological conditions. In fact, it is thermodynamically stable at physiological pH and actively takes part in bone bonding. This property has been exploited for rapid bone repair after major trauma or surgery. HAp is derived from natural materials such as coral and fish bone (Jensen et al., 1996) , fish scale (mondal et al. 2010). Attempts have been taken to isolate fish scale derived HAp and use them as an alternate for synthetic HAp (mondal et al. 2010 ). Generally, very high heat treatment (1250°C) is used for isolation of HAp from fish scale and this temperature gives a higher strength to HAp structure (Choi, Lee, Jeon, Byun, & Kim, 1999) and results an excellent biocompatible inorganic substance (Kim et al., 1998; Kim & Park, 2000; Kim, Park, & Kim, 2001 ). HAp and calcium phosphate based materials have attracted considerable interest in the field of Tissue Engineering because of similarities with the mineral fraction of natural bone and high biocompatibility with living tissues. It has good bio affinity, stimulates osteo conduction and is slowly replaced by the host bone after implantation. Application of the HAp biomaterial as a porous or granulated material useful in bone surgery or coating on metallic bio implants. A number of methods have been used for HAp powder synthesis such as solid state reaction, hydrothermal reaction, coprecipitation reaction, sol-gel synthesis, mechano-chemical synthesis etc [1] [2] [3] [4] [5] . Natural structural HAp material from fish scale [6] and bovine bone not only provide an abundant source for novel bone and cartilage replacement but it also inspires investigations to develop biomimetic composites.
In this study HAp powder was synthesized from fish scales. Fish scales are mainly composed of collagen, connective tissue proteins, water and the remaining 41% to 84% [7] of other proteins. In course of evolution, scale formation process shows the same mechanism as in the formation of teeth and bone. This study shows that the biomimetic property may lead to the development of new biomaterials. There are several types of calcium phosphate salts, which are present in fish scales due to their extreme biological response in physiological environment. HAp powder was extracted by calcining the chemically treated fish scales at different temperatures. Extraction of HAp from bovine bone is biologically safe and economic, since it is easy to obtain. Bone is a unique composite, containing a collagenous hydrogel matrix consisting of about 33-43% apatite minerals, 32-44% organics, and 15-25% [8] water on a volumetric basis. HAp material manufactured from bovine bones has the advantage of inheriting some properties of the raw materials viz. its chemical composition and structure. The synthesized powder from these two Vol.11, No.1 Studies on Processing and Characterization 57 different bio sources are ball milled for several hours and compacted. The Thermo GravimetricDifferential Thermal Analysis, X -ray diffraction (XRD), Fourier Transform Infrared spectroscopy (FTIR) were employed to characterize the synthesized powder. The morphology of the derived HAp powder has also been studied by SEM. Many processing technologies have been employed to obtain porous ceramics for bone tissue engineering. In tissue repair application the macro pores and highly interconnected networks are required for in-growth of surrounding host tissues. The milled powder was mixed with surfactant and finally press injection method was applied to make small diameter fillers. As a first parameter of biocompatibility [9] the ability of the cells to attach to the material surface during the early period of cell/material interaction was used. Then the powders were screened in vitro for cytotoxic [10] effects on cultured RAW macrophage cells. Cell attachment [11] study was observed under inverted microscopic analysis. Cytotoxicity effects were analyzed by Trypan blue staining method.
EXPERIMENTAL PROCEDURE

Synthesis of Hydroxyapatite Powder from Fish Scale
Fish scales were collected from fresh water fish (Labeo rohita) and washed thoroughly in running tap water. The collected scales were initially de-proteinized through external washing with 1 (N) HCl (Merck, 35%) solution (2:1, v/w, water HCl /fish scale) for 24 hours at room temperature (25° ±2°C). Next, the de-proteinized fish scales were washed thoroughly several times with distilled water. Remaining proteins of fish scales were treated with 1(N) NaOH solution. The filtered fish scales were washed thoroughly with distilled water and dried at 60°C in hot air oven for several hours. Treated fish scales were calcined at different temperatures to synthesize HAp ceramics.
Synthesis of Hydroxyapatite Powder from Bovine Bone
Bovine bone were initially deproteinized externally with 1 (N) HCl (Merck, 35%) solution and finally 1(N) NaOH solution was added for removal of remaining proteins. The samples were then thoroughly washed with double distilled water and dried at 50-60°C at hot air oven. The dried samples were then calcined in air atmosphere for an hour at different temperatures viz. 1000°C, 1100°C and 1200°C to obtain HAp phase.
Preparation of Small Fillers
The synthesized powder was mixed with starch and milled for 48 hours in ball mill. Triton -X surfactant was added drop-wise with the powder to make a paste. Injection press method was employed to make small 2mm diameter and 4 mm long fillers with this paste. The small rod shaped fillers were then dried at 80°C for several hours. Finally, the dried samples were sintered at 1100°C for two hours.
POWDER CHARACTERIZATIONS
The Thermo Gravimetric and Differential Thermal Analysis of HAp from treated fish scale and bovine bone was carried out using Thermal analyzer (Netzsch, STA 409) over a temperature range of 30°C-1250°C and heating rate of 10°C/min under air atmosphere. The crystalline phases of synthesized powders were identified by X-ray diffraction analysis (Shimadzu, XRD-6000, CuKα radiation). FTIR (Shimadzu) analysis of calcined powder at different temperatures were carried out to confirm the structural composition. The average particle sizes of powder samples were observed through SEM analysis. The optimized calcined HAp powder derived from fish scales were wet ball milled for several hours and compacted into cylindrical/square shapes. Cytotoxicity and cell attachment studies of synthesized HAp materials were also carried out in RAW macrophage like cell line media.
RESULTS AND DISCUSSION
TG DTA Analysis
The thermo gravimetric analysis (Fig.1.) of chemically treated fish scales were carried out between 35°C and 1250°C in air at a heating rate of 10 0 C/min. In this analysis actual weight losses [12] [13] are observed in three steps and the related temperature ranges are 30ºC -800ºC. The first loss is due to the weakly entrapped water in the sample material, the second and third losses resulted from the decomposition and burning of organic components in the raw scales. As the washing treatment could not completely remove the organic compounds of the inner parts of scale structure, the large weight loss is resulted mainly from those organics. However, there was minor weight loss on heating up to 1250°C which indicates thermal stability of the sample in this range.
The thermo gravimetric analysis (Fig.2. ) of chemically treated bovine bone was carried out from room temperature to 1250°C in air atmosphere at a heating rate of 10 0 C/min. In this analysis, actual weight losses were observed with rising temperature. The first loss is due to the removal of trapped water in the sample material, the second and third losses resulted from the decomposition and burning of organic components in the bovine bone constituents. However, minor weight loss was observed on heating up to 1250°C. 
The Bragg reflection at (002) planes of HAp was considered to calculate the crystallite size.
Crystallite size for HAp synthesized from fish scales and bovine bones are 69.6 nm, 77.62 nm respectively.
FTIR Analysis
Fourier transform infrared (FTIR) spectroscopy was employed to characterize the different functional groups of HAp Ca 10 (PO 4 ) 6 (OH) 2 , (HAp) powder obtained from two bio sources. Figures 5 and 6 show the FTIR spectrum of synthesized HAp from fish scales and cow bone, respectively. The spectrum was recorded in the range of 4000-400 cm -1 . The representative FTIR spectrum shows all characteristic absorption peaks of HAp. The first indication for formation of HAp is in the form of a strong complex broad FTIR band centered at about 1000-1100 cm -1 due to asymmetric stretching mode of vibration for PO 4 group [14] . The band at 576.30 cm -1 corresponds to n4 symmetric P-O stretching vibration of the PO 4 group [15] . As a major peak of phosphate group, the n3 vibration peak could be identified in the region between 1100-960 cm -1 for all two powders which are due to P-O asymmetric stretching of PO 4 3- 
SEM Analysis
The SEM micrographs of synthesized HAp powder (Fig. 7, 8 ) from fish scale and bovine bone sources were soft agglomerated ultra fine HAp particles which break up easily during compaction due to high uniform pressure.
Fig.7. FE-SEM of HAp powder synthesized from Fish Scale
Bio Fillers Made Up of Hap Powder
The synthesized powder was wet ball milled for several hours and by using surfactants like Triton-X small fillers were made for bio implants. These small fillers were then sintered at 1100° C temperature and prepared for in vivo bio implantation ( Fig. 9 [a] and 9 [b]) and subsequent toxicity testing. The porosity of the sintered body in all the cases was around 10-15%. 
